ESM 2: Description of variables, correlation and selection of variables
* Current and future climate conditions were extracted from 1-km2 grids covering France. These climate grids were computed by downscaling two climate datasets having complementary spatiotemporal characteristics (using the delta method; e.g., Tabor and Williams (2010)). First, we computed the climate anomalies between coarse European climate grids for the 2000 -2016 period (Haylock et al. 2008 or for the 2051-2060 period (Oldenborgh et al. 2013 ) and the 1961-1990 period (i.e., the climate reference period) as absolute and relative differences for temperature and precipitation, respectively. Second, we resampled these current and future anomaly grids through bilinear interpolation to achieve 1-km2 grids covering the French territory. Third, we added the 1-km2 climate anomaly grids to a second set of 1-km2 French climate grids of temperature and precipitation averaged over the 1961-1990 period in order to achieve an accurate estimation of the climate conditions for the 2000-2016 period.
The second set of 1-km2 French climate grids used for this step are part of a high spatio-temporal resolution climate dataset computed through a modeling approach predicting temperatures (R2 = 0.93 and root-meansquare deviation [RMSD] = 0.56 for 13,620 independent temperature observations) and precipitation (R2 = 0.83 and RMSD = 132 for 17,865 independent precipitation observations) from the statistical link existing between meteorological observations (from the national agency for meteorology and climate MeteoFrance) and a set of geographical and physiographical variables (e.g., Bertrand et al. (2016)).
ESM 3: Model parameters
Parameters for climate-only ENM for T. cristatus:
myBiomod_options<-BIOMOD_ModelingOptions(GLM = list( type = 'quadratic', interaction.level = 3, myFormula = NULL, test = 'AIC', family = binomial(link = 'logit'), mustart = 0.5, control = glm.control(epsilon = 1e-08, maxit = 50, trace = FALSE) ), GBM = list( distribution = 'bernoulli', n.trees = 4245, interaction.depth = 4, n.minobsinnode = 13, shrinkage = 0.09554579, bag.fraction = 0.5, train.fraction = 1, cv.folds = 3, keep.data = FALSE, verbose = FALSE, perf.method = 'cv'), GAM = list( algo = 'GAM_mgcv', type = 's_smoother', k = -1, interaction.level = 3, myFormula = NULL, family = binomial(link = 'logit'), method = 'ML', optimizer = c('outer','newton'), select = FALSE, knots = NULL, paraPen = NULL, control = list(nthreads = 1, irls.reg = 0, epsilon = 1e-07, maxit = 200, trace = FALSE, mgcv.tol = 1e-07, mgcv.half = 15, rank.tol = 1.49011611938477e-08, nlm = list(ndigit=7, gradtol=1e-06, stepmax=2, steptol=1e-04, iterlim=200, check.analyticals=0), optim = list(factr=1e+07), newton = list(conv.tol=1e-06, maxNstep=5, maxSstep=2, maxHalf=30, use.svd=0), outerPIsteps = 0, idLinksBases = TRUE, scalePenalty = TRUE, keepData = FALSE, edge.correct = FALSE) ), CTA = list( method = 'class', parms = 'default', cost = NULL, control = list(xval = 5, minbucket = 5, minsplit = 5, cp = 0.0002722676, maxdepth = 25) ), ANN = list( NbCV = 5, size = 9, decay = 0.1996269, rang = 0.1, maxit = 200), FDA = list( method = 'mars', nprune = 11), MARS = list( type = 'simple', interaction.level = 3, myFormula = NULL, nk = NULL, penalty = 2, thresh = 0.001, nprune = 14, pmethod = 'backward'), RF = list( do.classif = TRUE, ntree = 500, mtry = 3, nodesize = 5, maxnodes = NULL), MAXENT.Phillips = list( memory_allocated = 512, background_data_dir = 'default', maximumbackground = 'default', maximumiterations = 200, visible = FALSE, linear = FALSE, quadratic = TRUE, product = FALSE, threshold = FALSE, hinge = FALSE, lq2lqptthreshold = 80, l2lqthreshold = 10, hingethreshold = 15, beta_threshold = -1, beta_categorical = -1, beta_lqp = -1, beta_hinge = -1, betamultiplier = 1, defaultprevalence = 0.5)) Parameters for climate -only ENM for T. marmoratus: myBiomod_options<-BIOMOD_ModelingOptions(GLM = list( type = 'quadratic', interaction.level = 3, myFormula = NULL, test = 'AIC', family = binomial(link = 'logit'), mustart = 0.5, control = glm.control(epsilon = 1e-08, maxit = 50, trace = FALSE) ), GBM = list( distribution = 'bernoulli', n.trees = 2853 , interaction.depth = 7, n.minobsinnode = 25, shrinkage = 0.09729011 , bag.fraction = 0.5, train.fraction = 1, cv.folds = 3, keep.data = FALSE, verbose = FALSE, perf.method = 'cv'), GAM = list( algo = 'GAM_mgcv', type = 's_smoother', k = -1, interaction.level = 3, myFormula = NULL, family = binomial(link = 'logit'), method = 'GCV.Cp', optimizer = c('outer','newton'), select = FALSE, knots = NULL, paraPen = NULL, control = list(nthreads = 1, irls.reg = 0, epsilon = 1e-07, maxit = 200, trace = FALSE, mgcv.tol = 1e-07, mgcv.half = 15, rank.tol = 1.49011611938477e-08, nlm = list(ndigit=7, gradtol=1e-06, stepmax=2, steptol=1e-04, iterlim=200, check.analyticals=0), optim = list(factr=1e+07), newton = list(conv.tol=1e-06, maxNstep=5, maxSstep=2, maxHalf=30, use.svd=0), outerPIsteps = 0, idLinksBases = TRUE, scalePenalty = TRUE, keepData = FALSE, edge.correct = FALSE) ), CTA = list( method = 'class', parms = 'default', cost = NULL, control = list(xval = 5, minbucket = 5, minsplit = 5, cp = 0.001217203, maxdepth = 25) ), Parameters for land cover-only ENM for T. cristatus: myBiomod_options<-BIOMOD_ModelingOptions(GLM = list( type = 'quadratic', interaction.level = 0, myFormula = NULL, test = 'AIC', family = binomial(link = 'logit'), mustart = 0.5, control = glm.control(epsilon = 1e-08, maxit = 50, trace = FALSE) ), GBM = list( distribution = 'bernoulli', n.trees = 293, interaction.depth = 7, n.minobsinnode = 7, shrinkage = 0.194193, bag.fraction = 0.5, train.fraction = 1, cv.folds = 3, keep.data = FALSE, verbose = FALSE, perf.method = 'cv'), GAM = list( algo = 'GAM_mgcv', type = 's_smoother', k = -1, interaction.level = 0, myFormula = NULL, family = binomial(link = 'logit'), method = 'ML', optimizer = c('outer','newton'), select = TRUE, knots = NULL, paraPen = NULL, control = list(nthreads = 1, irls.reg = 0, epsilon = 1e-07, maxit = 200, trace = FALSE, mgcv.tol = 1e-07, mgcv.half = 15, rank.tol = 1.49011611938477e-08, nlm = list(ndigit=7, gradtol=1e-06, stepmax=2, steptol=1e-04, iterlim=200, check.analyticals=0), optim = list(factr=1e+07), newton = list(conv.tol=1e-06, maxNstep=5, maxSstep=2, maxHalf=30, use.svd=0), outerPIsteps = 0, idLinksBases = TRUE, scalePenalty = TRUE, keepData = FALSE, edge.correct = FALSE) ), CTA = list( method = 'class', parms = 'default', cost = NULL, control = list(xval = 5, minbucket = 5, minsplit = 5, cp = 0.03278689, maxdepth = 25) ), ANN = list( NbCV = 5, size = 19, decay = 2.10529, rang = 0.1, maxit = 200), FDA = list( method = 'mars', nprune = 9), MARS = list( type = 'simple', interaction.level = 3, myFormula = NULL, nk = NULL, penalty = 2, thresh = 0.001, nprune = 7, pmethod = 'backward'), RF = list( do.classif = TRUE, ntree = 500, mtry = 1, nodesize = 5, maxnodes = NULL), MAXENT.Phillips = list(memory_allocated = 512, background_data_dir = 'default', maximumbackground = 'default', maximumiterations = 200, visible = FALSE, linear = TRUE, quadratic = TRUE, product = TRUE, threshold = TRUE, hinge = TRUE, lq2lqptthreshold = 80, l2lqthreshold = 10, hingethreshold = 15, beta_threshold = -1, beta_categorical = -1, beta_lqp = -1, beta_hinge = -1, betamultiplier = 1, defaultprevalence = 0.5)) Parameters for land cover-only ENM for T. marmoratus: myBiomod_options<-BIOMOD_ModelingOptions(GLM = list( type = 'quadratic', interaction.level = 0, myFormula = NULL, test = 'AIC', family = binomial(link = 'logit'), mustart = 0.5, control = glm.control(epsilon = 1e-08, maxit = 50, trace = FALSE) ), GBM = list( distribution = 'bernoulli', n.trees = 1236, interaction.depth = 1, n.minobsinnode = 13, shrinkage = 0.03417332, bag.fraction = 0.5, train.fraction = 1, cv.folds = 3, keep.data = FALSE, verbose = FALSE, perf.method = 'cv'), GAM = list( algo = 'GAM_mgcv', type = 's_smoother', k = -1, interaction.level = 0, myFormula = NULL, family = binomial(link = 'logit'), method = 'GCV.Cp', optimizer = c('outer','newton'), select = FALSE, knots = NULL, paraPen = NULL, control = list(nthreads = 1, irls.reg = 0, epsilon = 1e-07, maxit = 200, trace = FALSE, mgcv.tol = 1e-07, mgcv.half = 15 , rank.tol = 1.49011611938477e-08, nlm = list(ndigit=7, gradtol=1e-06, stepmax=2, steptol=1e-04, iterlim=200, check.analyticals=0), optim = list(factr=1e+07), newton = list(conv.tol=1e-06, maxNstep=5, maxSstep=2, maxHalf=30, use.svd=0), outerPIsteps = 0, idLinksBases = TRUE, scalePenalty = TRUE, keepData = FALSE, edge.correct = FALSE) ), CTA = list( method = 'class', parms = 'default', cost = NULL, control = list(xval = 5, minbucket = 5, minsplit = 5, cp = 0.005527638, maxdepth = 25) ), ANN = list( NbCV = 5, size = 14, decay = 0.00022404, rang = 0.1, maxit = 200), FDA = list( method = 'mars', nprune = 2), MARS = list( type = 'simple', interaction.level = 0, myFormula = NULL, nk = NULL, penalty = 2, thresh = 0.001, nprune = 2, pmethod = 'backward'), RF = list( do.classif = TRUE, ntree = 500, mtry = 1, nodesize = 5, maxnodes = NULL), MAXENT.Phillips = list( memory_allocated = 512, background_data_dir = 'default', maximumbackground = 'default', maximumiterations = 200 , visible = FALSE, linear = TRUE, quadratic = FALSE, product = TRUE, threshold = TRUE, hinge =TRUE, lq2lqptthreshold = 80, l2lqthreshold = 10, hingethreshold = 15, beta_threshold = -1, beta_categorical = -1, beta_lqp = -1, beta_hinge = -1, betamultiplier = 5, defaultprevalence = 0.5))
ESM 4: Range of values of climate data
Range of values in Worldclim data within the range of the species compared to dataset (calculated for France) used within the study area: 
